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SYSTEM AND METHOD FOR DETECTION AND SELECTION OF MULTIPLE ANTENNA 

BACKGROUND OF THE INVENTION 

5 L Field of the Invention 

The present invention relates generally to satellite communication 
systems and more particularly to detecting and selecting satellite 
communication signals using multiple antennas. 

10 II. Description of the Related Art 

A variety of multiple access communication systems and techniques 
have been developed for transferring information among a large number of 
system users. However, spread spectrum modulation techniques, such as 
those used in code division multiple access (CDMA) communication 

15 systems provide significant advantages over other modulation schemes, for 
example, especially when providing service for a large number of 
communication system users. Such techniques are disclosed in the teachings 
of U.S. Patent No. 4,901,307, which issued February 13, 1990 under the title 
Spread Spectrum Multiple Access Communication System Using Satellite or 

20 Terrestrial Repeaters, and U.S. Patent Application No. 08/368,570, filed 
under the title Method and Apparatus for Using Full Spectrum Transmitted 
Power in a Spread Spectrum Communication System for Tracking 
Individual Recipient Phase Time and Energy , both of which are assigned to 
the assignee of the present invention and incorporated herein by reference. 

25 The above-mentioned patents disclose multiple access 

communication systems in which a large number of generally mobile or 
remote system users each employ at least one transceiver to communicate 
with other system users or users of other connected systems, such as a public 
telephone switching network. The transceivers, also referred to as user 

30 terminals, can communicate through gateways and satellites, or terrestrial 
base stations (also sometimes referred to as cell-sites) or other relay 
terminals. 

Base stations cover regions (also sometimes referred to as cells), while 
satellites have footprints on the surface of the Earth. In either system, 
35 capacity gains can be achieved by sectoring, or subdividing, the geographical 
regions being covered. Cells can be divided into "sectors" by using 
directional antennas at the base station. Similarly, a satellite's footprint can 
be divided geographically into "beams," through the use of beam-forming 
antenna systems. These techniques for subdividing a coverage region can be 
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thought of as creating isolation using relative antenna directionality or space 
division multiplexing. In addition, provided there is available bandwidth, 
each of these subdivisions, either sectors or beams, can be channelized. One 
way to channelize these subdivisions is to assign multiple CDMA channels 
5 through the use of frequency division multiplexing (FDM). In satellite 
systems, each CDMA channel is referred to as a "sub-beam," because there 
may be several of these per "beam." 

In communication systems employing CDMA, separate links are used 
to transmit communication signals to and from a gateway or base station. A 

10 forward link refers to communication signals originating at the gateway or 
base station and transmitted to a system user. A reverse link refers to 
communication signals originating at a user terminal and transmitted to the 
gateway or base station. 

In one type of spread-spectrum communication system, one or more 

15 preselected pseudo-noise (PN) code sequences are used to modulate or 
"spread" user information signals over a predetermined spectral band prior 
to modulation onto a carrier for transmission as communication signals. 
PN spreading, a method of spread-spectrum transmission that is well 
known in the art, produces a signal for transmission that has a bandwidth 

20 much greater than that of the data signal. In the base station- or gateway-to- 
user terminal communication link, PN spreading codes or binary sequences 
are used to discriminate between signals transmitted by different base 
stations or over different beams. These codes are typically shared by all 
communication signals within a given cell or sub-beam. 

25 A pair of pseudonoise (PN) code sequences can be used to modulate or 

"spread" information signals. Typically, one PN code sequence is used to 
modulate an in-phase (I) channel while the other PN code sequence is used 
to modulate a quadrature-phase (Q) channel. This PN modulation or 
encoding occurs before the information signals are modulated by a carrier 

30 signal and transmitted as communication signals. The PN spreading codes 
are also referred to as short PN codes because they are relatively "short" 
when compared with other PN codes used by a communication system. 

A common goal in the design of such multiple-access 
communications systems is to achieve the highest possible user capacity, 

35 that is, to enable the largest possible number of users to access the system 
simultaneously. System capacity can be limited by several factors, such as 
the number of user codes and CDMA channels available. However, spread 
spectrum systems are "power limited", that is by the total amount of power 
allowed by all users to prevent unacceptable interference, and generally it is 
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the amount of power required to maintain forward link communications to 
system users that limits system capacity the most. If the amount of power 
required to maintain just a few of these links is large enough, the total 
power allocation is consumed well before the number of codes or 
5 frequencies available for more users are exhausted. 

Therefore, it is generally necessary to minimize the power required to 
" connect" each user or maintain their forward link in order to leave power 
for other users and increase system capacity. This can be accomplished by 
increasing the ratio G/T of antenna gain G to receiver noise temperature T 
10 for each user. The higher this ratio or the antenna gain for each user, the 
less power required by that user for a link. When the gain of each user 
antenna is high then a sufficiently low amount of power is required to 
maintain the forward link and power is available for others. 

In satellite communication systems, another design goal is to track or 
15 acquire and communicate with multiple satellites simultaneously. One 
reason behind this goal is the desire to improve signal reception using signal 
diversity. Another reason is to accommodate communications with 
satellites which are in range, or in view, for relatively short periods of time. 
A common approach to achieving these goals is to optimize antenna design. 
20 One such design optimization is to utilize large, steerable, highly 

directional antennas. Another such design optimization is to combine the 
signals of multiple antennas to form a steerable beam. One disadvantage of 
these approaches is that the manufacture and integration of such antennas is 
both complex and expensive. 
25 Another such design optimization is to use multiple antennas, such 

as "patch" or helical antenna elements, that each cover a different sector of 
the sky. That is, each antenna has a radiation pattern that is optimized to 
cover a specific region of the sky or of a satellite constellation orbital pattern. 
This results in increased directivity and increased gain or G/T per antenna. 
30 A significant advantage of this approach is that less expensive antennas can 
be used. Unfortunately, the primary barrier to the use of multiple 
inexpensive antennas is the difficulty of detecting and selecting the 
appropriate signals from the antennas. 

35 SUMMARY OF THE INVENTION 

The present invention is a system and method for detecting and 
selecting satellite communication signals from multiple antennas. In one 
embodiment, the system includes two signal paths, each coupled to a 
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separate antenna, and a combiner for combining signals from the two paths 
for processing by a signal processor. At least one of the two paths includes a 
signal delay unit. The signal processor, can distinguish a signal received 
from a source on one of the antennas from that also received from the 
5 source on the other antenna, based on a signal delay produced by the signal 
delay unit. 

Each signal path includes a variable attenuator for selectively 
coupling each signal path to the signal processor. The signal processor 
determines the quality of the signals received along the signal paths, and 

10 provides data regarding signal quality to a control processor. The control 
processor manipulates the attenuators to couple the signal path having the 
highest quality signal to the signal processor, and other processing elements. 

According to the present invention, one of the signal paths initially is 
coupled to one of a plurality of antennas and passes data to the signal 

15 processor by applying a predetermined minimum attenuation to that signal 
path's attenuator. This path is referred to as the "data path." The other 
signal path, referred to as the "search path/ 1 is used to examine each of the 
remaining antennas to determine whether a better signal quality can be 
received from one of those antennas than from the antenna currently 

20 connected to the data path. 

To examine a particular antenna, it is coupled through a 
predetermined amount of delay to the signal processor using a switching 
mechanism. The delay is disposed in series with the antenna output to the 
processor, adjacent the antenna output or along the signal path, and allows 

25 the processor to distinguish between data and search paths. The signal 
processor then determines the quality of the signal received along the search 
path. 

The preferred switching process is implemented using an attenuator 
disposed in the search path to apply a predetermined maximum level of 

30 attenuation, thereby effectively decoupling the search path from the signal 
processor. The search path is then coupled to a particular antenna using a 
switching mechanism, such as an electronic switch or switchable amplifier 
stage. The attenuation for the search path attenuator is then reduced until 
the noise power levels of the search path and data path are substantially 

35 equivalent. The signal processor then determines the quality of the signal 
received along the search path. 

This process is repeated for each of the antennas. When some or all 
of the antennas have been examined, if the quality of the highest-quality 
signal found by the search path exceeds the quality of the signal on the data 
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path, then the roles of the search path and data path are exchanged. In one 
embodiment, the attenuation applied by the data path attenuator is 
increased until the data path signal is effectively decoupled from the signal 
processor, and the attenuation of the attenuator on the search path is 
5 decreased to a predetermined minimum. At this point, the search path and 
data path have reversed roles and the old search path is now the new data 
path. The new search path then continues to search for better signals. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference numbers 
15 indicate identical or functionally similar elements. Additionally, the left- 
most digit of a reference number identifies the drawing in which the 
reference number first appears. 

FIG. 1 depicts a typical satellite communication system. 

FIGS. 2A and 2B depict exemplary single receiver systems suitable for 
20 implementing one embodiment of the present invention. 

FIG. 3 is a circuit block diagram depicting an exemplary receiver 
system suitable for implementing a dual receiver solution of the present 
invention. 

FIG. 4 is a circuit block diagram depicting an exemplary receiver 
25 system suitable for implementing a time delay searcher solution of the 
present invention. 

FIG. 5 depicts an exemplary receiver system suitable for implementing 
a time delay searcher with attenuation. 

FIG. 6 is a flow chart depicting a method of operation for receiver 
30 system according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 L Introduction 

The present invention is a system and method for selecting and 
combining satellite communications signals received by multiple antennas 
in an orbiting satellite communications system such as a low-earth orbit 



WO 98/52300 



6 



PCT/US98/09613 



(LEO) satellite communications system. As would be apparent to one skilled 
in the relevant art, the concept of the present invention can be applied to 
satellite communications systems in which- the satellites travel in non-LEO 
orbits. In addition, the concept of the present invention can be applied to 
5 wireless terrestrial communications systems where the user terminal 
receives signals from multiple sources which are subject to motion or 
variation in signal strength. 

The preferred embodiment of the present invention is discussed in 
detail below. While specific steps, configurations, and arrangements are 
10 discussed, it should be understood that this is done for illustrative purposes 
only. A person skilled in the relevant art will recognize that other steps, 
configurations, and arrangements can be used without departing from the 
spirit and scope of the present invention. 

15 II. A Typical Satellite Communications System 

FIG. 1 depicts a typical wireless communication system 100 using 
satellites and gateways or base stations). In a preferred embodiment, 
communication system 100 is a CDMA spread spectrum communication 
20 system. Wireless communication system 100 comprises one or more 
gateways 102, satellites 104, and user terminals 106. User terminals 106 each 
have or comprise a wireless communication device such as, but not limited 
to, a wireless telephone, although data transfer devices (e.g., portable 
computers, personal data assistants, modems) are also contemplated. User 
25 terminals 106 are generally of three types: fixed user terminals 106A, which 
are typically mounted in permanent structures; mobile user terminals 106B, 
which are typically mounted in vehicles; and portable user terminals 106C, 
which are typically hand-held. User terminals are also sometimes referred 
to as subscriber units, mobile stations, or simply "users" or "subscribers" in 
30 some communication systems, depending on preference. 

Gateways 102 (here 102A), also referred to as base stations, hubs, 
or fixed stations in various systems, communicate with user terminals 106 
through satellites 104A and/or 104B. Generally, multiple satellites are 
employed traversing different orbital planes such as in, but not limited to, 
35 Low Earth Orbit (LEO). However, those skilled in the art will readily 
understand how the present invention is applicable to a variety of satellite 
system, gateway, or base station configurations. Base stations 102B (also 
referred to as cell-sites or -stations) could be used in some systems to 
communicate directly with user terminals 106. Gateways and base stations 
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may also be connected to one or more system controllers which provide 
them with system- wide control or information, and connect them to a 
public switched telephone network (PSTN). ■ 

Each user terminal 106 employs one or more antennas for signal 
5 transmission and reception. In a preferred embodiment, fixed user terminal 
106A employs a set of antennas, also referred to as an antenna "farm", each 
covering a discrete portion of the sky. That is, each antenna has a radiation 
pattern that is optimized to cover a specific region of the sky or satellite 
orbits. In a preferred embodiment, the antenna set includes four patch 
10 antennas, each covering 90° in azimuth and elevations from a predeter- 
mined local horizon of approximately 20°-90°, and one quadrifilar antenna 
covering 360° in azimuth and elevations from approximately 0° to 25°. In 
alternative embodiments, cost permitting, multiple antennas can be 
employed by mobile user terminals 106B and portable user terminals 106C, 
15 although this is less likely due to the size and resources generally required. 

As a satellite crosses the sky, it traverses coverage regions for more 
than one of the antennas in the set. In order to meet high G/T requirements 
and optimize received signal quality, fixed user terminal 106A should 
determine which of the multiple antennas is receiving the highest-quality 
20 signal from the satellite at any given instant. That antenna is then used for 
communication links with the satellite. The present invention provides 
several solutions to this problem. 

For purposes of illustration, the present invention is described in 
terms of a satellite communications system. As mentioned above, the 
25 present invention can be applied to other types of communications systems, 
as would be apparent to one skilled in the relevant art after reading this 
description. 

OL Single Intelligent Receiver 

30 

FIG. 2A depicts an exemplary single receiver system 200 suitable for 
implementing one embodiment of the present invention. System 200 
includes a plurality of antennas 202A through 202N, which are selectively 
coupled by a switch or switching device 204 to a single signal path 250. 
35 Signal path 250 includes an amplifier stage, preferably a low-noise amplifier 
(LNA) 206, a mixer 208, a bandpass filter 210, an automatic gain control 
(AGC) amplifier 212, and a baseband circuit 214. In a preferred embodiment, 
baseband circuit 214 is generally implemented as an application-specific 
integrated circuit. Signal path 250 is coupled to a signal processor 216. In a 



98/52300 



8 



PCT/US98/09613 



preferred embodiment, signal processor 216 is implemented as an 
application-specific integrated circuit Signal processor 216 is also coupled to 
a control processor 220, which is in turn coupled to switch 204 by one or 
more control lines 240. In an alternative embodiment, control processor 220 
is incorporated within signal processor 216. Those skilled in the art will 
readily recognize that signal processor 216 and control processor 220 are 
elements that can be implemented within a variety of known signal 
processing circuits used in the user terminal. 

In operation, control processor 220 selects a particular antenna 202 and 
10 couples that antenna to the signal path by manipulating switch 204. The 
signal received by the selected antenna is then amplified by LNA 206. The 
amplified signal is then fed to mixer 208 for combination with a signal 
provided by a local oscillator (not shown) to reduce the frequency of the 
signal from radio frequency (RF) to a desired known intermediate frequency 
15 (IF). The IF signal is passed to filter 210, which filters the IF signal and passes 
it to AGC amplifier 212. In one embodiment of the present invention, a 
bandpass surface acoustic wave (SAW) type filter is used to implement filter 
210. Filter 210 may provide phase changes that are substantially linear with 
changes in frequency. 
20 AGC amplifier 212 adjusts the voltage range of the IF signal to match 

the input voltage range of baseband circuit 214. In a preferred embodiment, 
signal processor 216 determines the appropriate level of gain to be applied by 
AGC amplifier 212 and specifies that level of gain to AGC amplifier 212 
using control line 242. In an alternative embodiment, this determination 
25 and specification is accomplished by control processor 220. In another 
embodiment, the level of gain to be applied is based partially or completely 
on information, such as power control feedback, supplied by gateway 102. In 
a preferred embodiment, the signal provided over control line 242 is a pulse 
density modulated (PDM) signal. In another embodiment, the signal 
30 provided over control line 242 is an analog signal of variable amplitude. 
Other variations are possible without departing from the spirit and scope of 
the present invention, as would be apparent to one skilled in the relevant 
art. 

Baseband circuit 214 may include a downconverter to reduce the 
35 frequency of the IF signal to baseband. Baseband circuit 214 also includes an 
analog-to-digital converter to convert the analog baseband signal to a digital 
signal, which is fed to signal processor 216. Signal processor 216 despreads 
and demodulates the digital signal, provides error correction, and the like, 
using circuit elements known in the art. The output signal 218 from signal 
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processor 216 is a digital data signal. Output signal 218 can be fed to vocoders 
and the like for further processing, as would be apparent to one skilled in 
the relevant art. Signal processor 216 is coupled to control processor 220, 
which selects different antennas 202 by manipulating switch 204 using 

5 signals on control line 240. 

One alternative embodiment of receiver system 200 is depicted in 
FIG. 2B. In FIG. 2B, switch 204 has been replaced by switchable LNAs 222A 
through 222N. In this embodiment, control processor 220 selects antennas 
202 by manipulating switchable LNAs 222 using one or more control lines 

10 240. In one embodiment, a switchable LNA 222 is switched "off 1 by 
removing supply power to the switchable LNA 222, thus, providing no 
output signal. DC supply power can be provided over the same coaxial 
cables typically used for RF signal transfer, or using one of many known 
techniques. In another embodiment, each switchable LNA 222 is coupled to 

15 LNA 206 by an output stage 224 (224A-224N), shown by a dashed line. 
Output stage 224 is switched "off or has its input switched off, to interrupt 
transfer of signals, generally using an internal electronic switching element. 

Receiver system 200 can be used to implement an intelligent single 
receiver solution of the present invention. In operation, receiver system 200 

20 uses idle time and /or spare capacity to monitor the passage of satellites 104 
in their orbits across the sky. In a preferred embodiment, spare capacity is 
realized when a communications channel is not being used for 
communications purposes. Because these passages are regular, receiver 
system 200 "learns" the schedules of the satellites. Using this information, 

25 receiver system 200 builds a database (not shown) detailing the schedules of 
the satellites and their passages across the fields of view of antennas 202. 
Based on this information, receiver system 200 selects the antenna that is 
expected to have the best signal reception from a particular satellite 104 at a 
particular time. In one embodiment, fixed user terminal 106A is supplied 

30 with partial or complete satellite schedule information prior to installation, 
and refines this information through the "learning" process described 
above. 

Once receiver system 200 has learned a satellite's schedule, control 
processor 220 activates the proper antenna 202 at the proper time to obtain 
35 the best signal from the satellite. However, a change in the coverage pattern 
of the antennas, antenna blockage, satellite orbits, or the like, can force 
receiver system 200 to "re-learn" the satellite schedules. As will be apparent 
to those skilled in the art, control processor 220 can use a variety of known 
storage elements or devices 230, such as RAM, to store the learned or 
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previously known satellite schedule. 

IV. Dual Receiver 

5 Another solution is to use a receiver system that includes two or 

more complete signal paths and two signal processors. In this embodiment, 
a control processor compares the output signals of the signal processors and 
uses the signal having the highest quality. 

FIG. 3 is a circuit block diagram depicting an exemplary receiver 
10 system 300 suitable for implementing a dual receiver solution of the present 
invention. For convenience, FIG. 3 depicts only two signal paths 250A and 
250B. Of course, more than two signal paths can be employed without 
departing from the spirit and scope of the present invention, as would be 
apparent to one skilled in the relevant art after reading this description. 
15 Referring again to FIG. 3, signal path 250A includes an LNA 206A, a 

mixer 208A, a bandpass filter 210A, an AGC amplifier 212A, and a baseband 
circuit 214A. Signal path 250A is coupled to one of a plurality of antennas 
202A-202N by a switch or switching device 204A. Similarly, signal path 250B 
includes an LNA 206B, a mixer 208B, a bandpass filter 210B, an AGC 
20 amplifier 212B, and a baseband circuit 214B. Signal path 250B is coupled to 
one of antennas 202A-202N by a switch 204B. Each signal processor 216 is 
coupled to a control processor 220. 

Switches 204A and 204B can form a single switching device 
configured to connect multiple inputs to separate outputs at any given time, 
25 as would be known. The antennas (204A-204N) used by the search paths are 
selected using one or more control lines 240 (240A, 240B). Generally, a 
separate control line 240 (240A, 240B) is used for each switching device 204, 
unless control commands are multiplexed in some known fashion. 

In operation, each signal path 250 assumes a different one of two roles 
30 which are labeled as: data path and search path. While one of the signal 
paths, referred to as the data path, receives data from an antenna 202 (202A- 
202N) and passes it to a signal processor 216, say 216A, the other signal path, 
referred to as a search path, receives data from another antenna 202 and 
passes it to another signal processor 216, say 216B. The outputs of the signal 
35 processors 216 (216A, 216B), that is, the signal processor connected to the data 
path and the signal processor connected to the search path, are constantly 
monitored by control processor 220 for signal quality. 

In a preferred embodiment, signal quality is determined by measuring 
the energy per chip relative to the background noise level, otherwise known 



WO 98/52300 



11 



PCT/US98/09613 



as the ratio E c /Iq. In an embodiment having more than two signal paths, 
one signal path is employed as a data path and the other signal paths are 
employed as search paths. Of course, other measures of signal quality such 
as bit error rate, checksums, and the like can be used by the signal processors 
5 or controller for measuring signal quality without departing from the spirit 
and scope of the present invention, as would be apparent to one skilled in 
the relevant art. 

Initially, one signal path is selected as the data path by control 
processor 220 to provide output signal 218. When a search path finds an 

10 antenna receiving a signal of higher quality than the signal on the data path, 
control processor 220 selects that search path as the new data path to provide 
output signal 218, and selects the old data path to become a search path. 
Thus, the search path is used to continually search for an antenna providing 
a signal of higher quality than the signal currently being processed on the 

15 data path. In one embodiment, when a search path finds a higher-quality 
signal, then the data path and the search path exchange roles. In another 
embodiment, some or all of the antennas are evaluated before the data path 
and the search path exchange roles. The dual receiver solution provides a 
high degree of performance because the search and signal paths are 

20 completely separate. 

V. Time Delay Searcher 

A lower-cost solution can be achieved by moving the common point 
25 (that is, the point where the two signal paths intersect) closer to the 
antennas. The signals are then combined at RF. When the signals are 
combined upstream of (that is, closer to the antennas than) the signal 
processor, the signal processor must be provided with a way to distinguish 
the combined signals. One approach is referred to herein as the time delay 
30 searcher solution. In the time delay searcher solution, a delay is introduced 
into one or both signal paths so that, after the signals are combined, signals 
from one antenna may be distinguished from signals from the other 
antenna based on the signal delay. While different signals using different 
PN spreading codes can be easily distinguished by a receiver, multiple 
35 versions of a signal arriving from a common source (same PN code) but 
over multiple paths, are generally not distinguishable unless a minimum 
relative delay in timing between them is achieved. 

FIG. 4 is a circuit block diagram depicting an exemplary receiver 
system 400 suitable for implementing a time delay searcher solution of the 
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present invention. In receiver system 400, antennas 202A-202N are 
selectively coupled by switches 204A and 204B to two signal paths 450A and 
450B, respectively. Signal paths 450A and 450B are in turn coupled by 
combiner 430 to an AGC amplifier 212, a baseband circuit 214, and a signal 

5 processor 216. Signal processor 216 is coupled to a control processor 220, 
which controls switches 204 via one or more control lines 240A and 240B. 
Signal path 450A includes an LNA 206A, a mixer 208A, and a bandpass filter 
410A. Similarly, signal path 450B includes an LNA 206B, a mixer 208B, and 
a bandpass filter 410B. 

10 In a preferred embodiment, each bandpass filter 410 (410A, 410B) 

includes a signal delay unit, as shown in FIG. 4. In an alternative 
embodiment, the signal delay may be implemented as a separate unit, as 
would be apparent to one skilled in the relevant art. In further 
embodiments, each antenna 202A-202N has a delay element 412 (412A- 

15 412N) associated with the output of the antenna, shown here in dashed 
outlines. Each of these delay elements has a preselected delay value 
associated with a single antenna, making identification possible. The delay 
can be selected according to expected signal parameters at the time the 
antenna set is designed. However, this is generally a more costly solution to 

20 implement. 

The delayed signals are combined, by a combiner 430, upstream of 
AGC amplifier 212. By virtue of signal combination at this point, only one 
AGC amplifier 212 and one signal processor 216 are required to support two 
signal paths, resulting in substantial cost savings, reduced complexity, and 

25 increased reliability. 

For accommodating the spread spectrum communication signals, 
signal processor 216 includes a rake receiver, which is capable of 
distinguishing two versions of a signal received from the same source but 
having different signal delays. Rake receivers for diversity reception are 

30 well known, and such a rake receiver is disclosed in the teachings of U.S. 
Patent No. 5,109,390, which issued April 28, 1992 under the title "Diversity 
Receiver In A CDMA Cellular Telephone System," which is assigned to the 
assignee of the present invention and incorporated herein by reference. 

In a preferred embodiment of the present invention, the relative 

35 signal delay introduced between the search path and the data path is selected 
to be greater than one chip time for the PN code used to spread the signal. A 
wide range of delay times is possible, but delays in the range of 1.0 to 1.8 jisec 
appeared to work best when tested with exemplary signals and a searcher 
receiver used to detect and synchronize with spread spectrum signals. ATN 
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spreading code chipping rate on the order of 1.22 MHz was used. A relative 
delay of 1.5 jisec was preferred for the search/data paths used in this testing. 

As described above, the time delay- searcher solution of the present 
invention has significant advantages. However, because the search path is 
5 always coupled to signal processor 216, the performance of receiver system 
400 is negatively affected by signals on the search path. 

VI. Time Delay Searcher with Attenuation 

10 One way to improve the performance of the receiver system is to 

decouple the search path from the data path during the searching operation. 
One way to decouple a signal path is to employ a signal attenuator. 

FIG. 5 depicts an exemplary receiver system 500 suitable for 
implementing the time delay searcher with attenuation solution of the 
15 present invention. In receiver system 500, antennas 202 are selectively 
coupled by switches 204A and 204B to signal paths 550A and 550B, 
respectively. Signal paths 550A and 550B are in turn coupled by combiner 
430 to an AGC amplifier 212, a baseband circuit 214 and a signal processor 
216. Signal processor 216 is coupled to a control processor 220, which 
20 controls switches 204 via one or more control lines 240 (240A, 240B). Signal 
path 550A includes an LNA 206A, a mixer 208A, and a bandpass filter 410A. 
Similarly, signal path 550B includes an LNA 206B, a mixer 208B, and a 
bandpass filter 410B. 

In a preferred embodiment, each bandpass filter 410 (410A, 410B) 
25 includes a signal delay unit, as shown in FIG. 5. As would be apparent to 
one skilled in the relevant art, the signal delay can be implemented as a 
separate unit. In a preferred embodiment, each signal path also includes a 
variable attenuator 526 (VA). Each variable attenuator 526 can be configured 
as, and referred to as, a voltage variable attenuator (WA). Control 
30 processor 220 controls each variable attenuator 526 (526A, 526B) via one or 
more control lines 540, here, 540A and 540B. Variable attenuators 526A and 
526B are used to selectively couple and decouple the signal paths from signal 
processor 216. Because the search path can be decoupled from signal 
processor 216, the performance of receiver system 500 is significantly 
35 improved. 

A single control line 540 can be used when only a single attenuator 
(VA/WA) is used or control commands are multiplexed in a known 
manner so that individual attenuator control commands are detectable by 
each WA (526A, 526B) connected to a common control line or bus. As 
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discussed further below, additional attenuators or WAs could be used 
where additional signal paths are being implemented. 

In a preferred embodiment, the rate of attenuation change is kept 
below a predetermined maximum rate. This is done to prevent interference 
5 with other functions and operational characteristics of the system, such as 
power control, as would be apparent to one skilled in the relevant art. 

The use of variable attenuators 526A and 526B also permits receiver 
system 500 to weight the signals presented by the two signal paths to signal 
processor 216. This equalization permits signal processor 216 to perform 
10 quality measurements against a common baseline, as described below. 

FIG. 6 is a flow chart depicting a method of operation for receiver 
system 500 according to a preferred embodiment of the present invention. 
Before describing the method of operation, the initial condition of receiver 
system 500 is first described. Initially, the signal path acting as the data path 
15 is coupled to an antenna 202 via a switch 204 and is coupled to signal 
processor 216 by setting its variable attenuator 526 to a predetermined 
minimum attenuation. Initially, the other signal path, acting as the search 
path, is decoupled from antennas 202 by a switch 204 and is decoupled from 
signal processor 216 by setting its attenuator 526 to a predetermined 
20 maximum attenuation. 

Referring to FIG. 5, assume that signal path 550A initially acts as the 
data path and signal path 550B initially acts as the search path. As the data 
path, signal path 550A is coupled to antenna 202A by switch 204A, and is 
coupled to signal processor 216 by setting attenuator 526A to a 
25 predetermined minimum level of attenuation, as shown in a step 602. As 
the search path, signal path 550B is coupled to another antenna, although it 
may uncoupled from any antenna, and is decoupled from signal processor 
216 by setting attenuator 526B to a predetermined maximum level of 
attenuation, also as shown in step 602. 
30 To initiate a search, control processor 220 commands switch 204B to 

couple the search path to an antenna other than the antenna coupled to the 
data path, as shown in a step 604. Generally, this is an antenna expected to 
have an improved signal at some predetermined time, according to learned 
or expected satellite schedules. Control processor 220 then commands search 
35 path attenuator 526B to gradually decrease the attenuation on the search 
path until the noise power level on the search path is roughly equivalent to 
the noise power level on the data path, as shown in a step 606. 

The noise power level generally exceeds the signal power level in 
known spread spectrum systems where the noise floor dominates, such as 
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for CDMA spread spectrum type satellite communications signals. 
Therefore, this weighting step provides a common baseline to signal 
processor 216 against which the relative quality of the signals from the data 
path and search path may be evaluated. 

5 In a preferred embodiment, receiver system 500 determines that the 

noise power levels on the data path and search path are substantially 
equivalent by monitoring the change in the level of gain applied by AGC 
amplifier 212. This approach is preferred in systems where the noise floor 
dominates the received signal power. In systems with much higher signal 

10 to noise ratios, other well known techniques may also be used to detect the 
relative signal strength of the signals received over the search and data 
signal paths. 

When the noise power level from the search path signal reaches the 
noise power level from the data path signal, then the input power received 

15 by AGC amplifier 212 is twice the input power received from the data path 
alone. AGC amplifier 212 responds by decreasing the gain applied to the 
signal by 3 dB. Thus, when control processor 220 observes that the gain 
applied to AGC amplifier 212 has dropped by 3 dB, then the noise power 
levels of the data path and search path are determined to be substantially 

20 equivalent. 

In this technique, one is looking at a change in gain from an amplifier 
stage that is inversely proportional to the detected power. Any means of 
detecting power increase in signals of 3 dB can be utilized in this searching 
or detection scheme. In a preferred embodiment, the change in the level of 

25 gain applied by AGC amplifier 212 is determined by control processor 220 by 
observing a value for the gain control signal sent to AGC amplifier 212 over 
control line 242. Either the amplitude of analog type control signals or the 
number of pules per period used in PDM control signals can be used to 
detect the amount by which the gain of the amplifier is being changed as part 

30 of the AGC control loop. Therefore, observation of control line 242, or the 

commands being provided to the control lines, indicates when a 3 dB change 

occurs. This information is clearly available to control processor 220. 

At that point, signal processor 216 evaluates the quality of the signal 

on the search path (that is, the signal received via the antenna coupled to 

35 the search path), as shown in a step 608. In a preferred embodiment, signal 
quality is determined by measuring the energy per chip ratio E c /Iq. In a 

preferred embodiment, a measure of the signal quality is stored in a memory 
element, device, or storage means 530, such as RAM circuitry (not shown), 
for later comparison with other signal quality measurements. Receiver 
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system 500 repeats this evaluation process for all of the remaining antennas, 
except the antenna connected to the data path (currently antenna 202A), as 
shown in a step 610. Once the signals from all of the antennas 202 have been 
evaluated, control processor 220 selects the highest-quality signal found and 
5 compares its quality to that of the data path signal, as shown in a step 612. If 
none of the found signals are of higher quality than the data path signal, 
then evaluation of the antennas is repeated, as shown by the arrow to step 
604. 

However, if the quality of the highest-quality found signal exceeds the 
10 quality of the data path signal, then the data path and search path are 
exchanged (that is, signal path 550 A and signal path 550B exchange roles). 
As shown in a step 614, the antenna that was found to receive the highest- 
quality signal is coupled to the search path (currently signal path 550B). 
Then, the attenuation applied to the search path is decreased to a 
15 predetermined minimum, effectively coupling the search path to signal 
processor 216, as shown in a step 616. Then, as shown in a step 618, the 
attenuation applied to the data path (currently signal path 550A) is increased 
to a predetermined maximum, thus, effectively decoupling the data path 
from signal processor 216. Therefore, the roles of the data path and search 
20 path are smoothly reversed, with no negative impact to signal quality. 

Searching can then continue for as long as desired. Generally, 
searching occurs as long as the wireless device using the antennas is active 
(communicating or paging) and other signals are to be detected and 
potentially used. The searching is typically terminated by deactivation of the 
25 wireless device (hanging up or unable to establish call), or by a 
determination that there are no better signals available over some period of 
time. Those skilled in the communication system art are aware of criteria 
used to terminate searching. 

The previous description of the preferred embodiments is provided to 
30 enable any person skilled in the art to make or use the present invention. 
While the invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made 
therein without departing from the spirit and scope of the invention. 

35 

What we claim as the invention is: 
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CLAIMS 

1. A system for selecting antennas in a satellite communications 
2 system having a satellite transmitting a signal and a user terminal having a 

plurality of antennas, a system for selecting the antennas, comprising: 
4 a first signal path coupled to a first one of the plurality of antennas; 

a second signal path coupled to a second one of the plurality of 
6 antennas, said second signal path including a signal delay unit; and 

a signal processor coupled to said first and second signal paths that 
8 distinguishes the signal received from the satellite by said first one of the 
plurality of antennas from the signal received from the satellite by said 
10 second one of the plurality of antennas based on a signal delay produced by 
said signal delay unit. 

2. The system of claim 1, wherein said first signal path comprises 
2 a further signal delay unit. 

3. The system of claim 1, wherein said first signal path includes a 
2 first variable attenuator. 

4. The system of claim 3, wherein said second signal path includes 
2 a second variable attenuator. 

5. The system of claim 4, further comprising: 

2 a control processor that determines the quality of die signal received 

by said first one of the plurality of antennas and the signal received by said 

4 second one of the plurality of antennas; and 

said first and second variable attenuators selectively couple said first 

6 and second signal paths to said signal processor based on said determined 
quality. 

6. The system of claim 5, wherein said quality is determined based 
2 on energy per chip for received signals. 

7. The system of claim 5, further comprising a first switch 
2 disposed between the plurality of antennas and the first signal path, coupled 

to said control processor, and operable to selectively couple one of the 
4 plurality of antennas to said first signal path based on said selection by said 
control processor. 
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8. The system of claim 7, further comprising a second switch 
2 disposed between the plurality of antennas and the second signal path, 

coupled to said control processor, and operable to selectively couple one of 
4 the plurality of antennas to said second signal path based said selection by 
said control processor. 

9. The system of claim 1 further comprising at least a third signal 
2 path coupled to a third one of the plurality of antennas, and said signal 

processor with further signal delay units disposed in series therewith, said 
4 signal processor distinguishing the signal received from the satellite by said 

first, second, and third or more ones of the plurality of antennas based on a 
6 signal delay produced by said signal delay units. 

10. In a satellite communications system having a satellite 
2 transmitting a signal and a user terminal having a plurality of antennas, 

wherein each of the plurality of antennas can be selectively coupled to one 
4 of a plurality of signal paths, the signal paths coupled to a signal processor, 
wherein a first one of the signal paths initially receives the signal on a first 
6 one of the plurality of antennas and initially applies a predetermined 
minimum level of attenuation to the signal, a method selecting the 
8 antennas, comprising the steps of: 

applying a predetermined maximum level of attenuation on a second 
10 one of the signal paths; 

coupling a second one of the plurality of antennas to said second 
12 signal path; 

decreasing the level of attenuation applied on said second signal path 
14 until the noise power level on said second signal path is substantially 

equivalent to the noise power level on the first signal path; and 
16 when the quality of the signal received from the satellite by said 

second one of the plurality of antennas exceeds the quality of the signal 
18 received from the satellite by the first one of the plurality of antennas, 

applying said predetermined maximum level of attenuation on the first 
20 signal path and applying the predetermined minimum level of attenuation 

on said second signal path. 



WO 98/52300 



19 



PCT/US98/09613 



11. The method of claim 10, further comprising the steps of: 

2 delaying the signal received from the satellite by said second one of 

the plurality of antennas by a predetermined signal delay; and 

4 distinguishing the signal received from the satellite by said first one of 

the plurality of antennas from the signal received on said second one of the 

6 plurality of antennas based on said predetermined signal delay. 

12. The method of claim 10, further comprising the step of 
2 determining the quality of the signal received from the satellite by said 

second one of the plurality of antennas and the quality of the signal received 
4 from the satellite by the first one of the plurality of antennas. 

13. The method of claim 10, further comprising the step of 
2 determining the quality of the signal received from the satellite by said 

second one of the plurality of antennas and the quality of the signal received 
4 from the satellite by the first one of the plurality of antennas based on a 
signal to noise ratio. 

14. The method of claim 13 wherein said signal to noise ratio is 
2 determined from an energy per chip of the received signal relative to signal 

noise. 

15. The method of claim 10, further comprising the steps of: 

2 applying an automatic gain control (AGC) operation between said first 

and second signal paths and said signal processor; and 
4 monitoring the level of gain applied by said AGC operation. 

16. The method of claim 15, wherein said decreasing step further 
2 comprises the step of determining when the level of gain applied by said 

AGC drops by a predetermined amount. 

17. The method of claim 16 wherein said predetermined amount is 

2 3dB. 

18. The method of claim 10, further comprising the steps of: 

2 delaying the signal received from the satellite by at least a third one of 

the plurality of antennas by another predetermined signal delay, for each 
4 other antenna; and 
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distinguishing the signal received from the satellite by said first, 
6 second and third, or more, ones of the plurality of antennas based on said 
predetermined signal delays. 

19. A system for selecting antennas based on received signal quality 
2 in a satellite communications system having a satellite transmitting a signal 

and a user terminal having a plurality of antennas for receiving signals, 
4 comprising: 

a first signal path coupled to a first one of the plurality of antennas; 
6 a second signal path coupled to a second one of the plurality of 

antennas; 

8 a first signal processor coupled to said first signal path; 

a second signal processor coupled to said second signal path; and 
10 a control processor, coupled to said first and second signal processors, 

that determines a relative quality of the signal on said first signal path and 
12 the signal on said second signal path and selects the one of the first and 
second ones of the plurality of antennas that receives the signal of higher 
14 quality. 

20. The system of claim 19 further comprising at least a third signal 
2 path coupled to a third one of the plurality of antennas, and a third signal 

processor coupled to said third signal path and said control processor. 



WO 98/52300 



PCT/US98/09613 




SUBSTITUTE SHEET (RULE 26) 



WO 98/52300 



PCT/US98/09613 




WO 98/52300 



PCT/US98/09613 




WO 98/52300 



PCT/US98/09613 




WO 98/52300 



PCT/US98/09613 




SUBSTITUTE SHEET (RULE 26) 



WO 98/52300 



PCMJS98/09613 




WO 98/52300 



PCT/US98/09613 



602- 



604- 



7/7 



DATA PATH ATTENUATION = MINIMUM 
SEARCH PATH ATTENUATION = MAXIMUM 



] 



606- 



608- 



610 



612 



614- 



COUPLE AN ANTENNA TO 
THE SEARCH PATH 



DECREASE SEARCH PATH 
ATTENUATION UNTIL PATH 
NOISE POWER LEVELS ARE 
EQUAL 



DETERMINE QUALITY OF 
SEARCH PATH SIGNAL 




CONNECT BEST SEARCH 
ANTENNA TO SEARCH 
PATH 



616- 



DECREASE SEARCH PATH 
ATTENUATION TO 
MINIMUM 



618- 



620- 



INCREASE DATA PATH 
ATTENUATION TO 
MAXIMUM 



OLD SEARCH PATH IS NOW 
DATAPATH 



FIG. 6 

SUBSTITUTE SHEET (RULE 26) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
II04B 7/08 



A3 



(11) International Publication Number: WO 98/52300 

(43) International Publication Date: 19 November 1998 (19.1 1.98) 



(21) International Application Number: PCT/US98/09613 

(22) International Filing Date: 13 May 1998 (13.05.98) 



(30) Priority Data: 

08/855,242 



13 May 1997 (13.05.97) 



US 



(71) Applicant: QUALCOMM INCORPORATED [US/US]; 6455 

Lusk Boulevard, San Diego, CA 92121 (US). 

(72) Inventors: GRANATA, Gary; 10626 Aderman Avenue #10, 

San Diego, CA 92126 (US). THOMPSON, James, H.; 7523 
Brava Street, Carlsbad, CA 92009 (US). 

(74) Agents: MILLER, Russell, B. et al.; Qualcomm Incorporated, 
6455 Lusk Boulevard, San Diego, CA 92121 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, AREPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments. 

(88) Date of publication of the international search report: 

22 April 1999 (22.04.99) 



(54) Title: SYSTEM AND METHOD FOR DETECTION AND SELECTION OF MULTIPLE ANTENNA 



202A 204A 




(57) Abstract 

A system and method for selecting and combining satellite communication signals from multiple antennas. The system includes 
at least two signal paths (550A, 550B), each coupled to a separate antenna (202A-202N), and a combiner (430) for combining signals 
from the two paths for processing by a signal processor (216). At least one of the two paths (550A, 550B), includes a signal delay unit 
(410A-410B). The signal processor (216) can distinguish a signal received from a source on one of the antennas (202A-202N) from that 
signal received from the source on the other antenna based on a signal delay produced by the signal delay unit (41 OA, 41 0B). Each signal 
path (550) includes a variable attenuator (526) for selectively coupling each signal path (550) to the signal processor (216). The signal 
processor (216) determines the quality of the signals received along the signal paths (550), and provides data regarding signal quality to a 
control processor (220), which manipulates the attenuators to couple the signal path (550) having the highest quality signal to the signal 
processor (216). 



L 



FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


- MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 




UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


Li 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


R stoma 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



International Application No 

PCT, ; 98/09613 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H04B7/G8 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 H04B 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Electronio data base consulted during the international search (name of data base and, where practical, searoh terms used) 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to elaim No. 



US 4 218 654 A (OGAWA AKIRA ET AL) 19 
August 1980 
* abstract * 



see column 


2, 


line 23 - 


column 3, 


line 


5 


see column 


3, 


line 31 - 


line 68 






see column 


5, 


line 37 - 


column 6, 


line 


20 


see column 


7, 


line 14 - 


line 43 






see column 


7, 


line 65 - 


column 8, 


line 


35 


see figure 


2 











1 

2-5 



GB 2 272 604 A (MOTOROLA INC) 18 May 1994 
* abstract * 

see page 2, line 11 - line 37 

see page 7, line 11 - page 8, line 4 

see figures 1,2,5 

see column 2, line 50 - column 3, line 28 

-/- 



2-5 



yA Further documents are listed in the continuation of box C. 



Patent family members are fisted in annex. 



° Special categories of cited documents : 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

*L" document which may throw doubts on priority claim (s) or 
which is cited to establish the publication date of another 
citation or other special reason (aa specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document b taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

1 October 1998 


Date of maffing of the international searoh report 

Oa 03. 1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentiaan2 
NL - 2280 HV Rijswi^ 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 


Authorized offioer 

Lopez Marquez, T 



Form PCT/lSA/210 (second sheet} (July 1932) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intemattonal Apptlcation No 

PCT/ 98/09613 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, w hero appropriate, of the relevant 



Relevant to claim No. 



US 4 052 670 A (WATANABE TATSUO ET AL) 4 
October 1977 
* abstract * 

see column 1, line 54 - column 2, line 7 
see column 2, line 50 - column 3, line 28 
see claim 1; figure 2 



EP 0 624 006 A (SUMITOMO ELECTRIC 

INDUSTRIES) 9 November 1994 
* abstract * 

see column 2, line 14 

see column 3, line 31 

see column 5, line 20 

see column 6, line 25 

see column 7, line 29 



see claim 1; figures 1,4,6 



line 55 

column 4, line 37 
line 47 

column 7, line 3 
column 8, line 5 



Form PCT/1SA/210 {contmualion at second sheet) (July 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 



Inb Bona! application No. 

PCT/US 98/09613 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. | j Claims Nos.: 

because the/ relate to subject matter not required to be searched by this Authority, namely: 



| | Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I— ' covers only those claims for which fees were paid, specific ally claims Nos.: 



4. | Y | No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-9 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/US 98/09613 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2 10 



1. Claims: 1-9 

A diversity system for satellite comnuni cations with 
antennas selection and comprising signal processor and first 
and second signal paths the second including a delay unit. 



2. Claims: 10-20 

A diversity method and system for satellite communications 
with antennas selection and comprissing two signals paths. 
The quality of the received signals are compared and a 
maximum attenuation level is applied to the not selected 
signal path. 



INTERNATIONAL SEARCH REPORT 

Inf' nation on patent family members 



Internationa] Application No 

PCT/ 98/09613 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


members) 


date 


US 4218654 A 


19-08-80 


JP 1154559 C 


15-07-83 






JP 54143009 A 


07-11-79 






JP 57046692 B 


05-10-82 






BE 875909 A 


16-08-79 






CA 1130026 A 


17-08-82 






DE 2916602 A 


31-10-79 






FR 2424673 A 


23-11-79 






GB 2022369 A,B 


12-12-79 






fell lAA^l^ n a n 

NL 7902734 A,B, 


30-10-79 






SE 440576 B 


05-08-85 






SE 7903715 A 


29-10-79 


GB 2272604 A 


18-05-94 


NONE 





US 4052670 A 04-10-77 JP 51073819 A 26-06-76 

JP 1009594 C 26-08-80 

JP 51073818 A 26-06-76 

JP 55002097 B 18-01-80 

CA 1059215 A 24-07-79 



EP 0624006 A 


09-11-94 


JP 


2140023 A 


29-05-90 






CA 


1311802 A 


22-12-92 






DE 


68922663 D 


22-06-95 






DE 


68922663 T 


05-10-95 






DE 


68927936 D 


07-05-97 






DE 


68927936 T 


17-07-97 






DK 


333389 A 


07-01-90 






EP 


0350007 A 


10-01-90 






FI 


893295 A 


07-01-90 






NO 


175659 B 


01-08-94 






US 


5161252 A 


03-11-92 



Form PCT/1SA/210 {patent famity annex) (July 1992) 



